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i * # W$ ( 1 ) 

* # % M ft - n Hi & & n & (syndiotacticity) 

4IMb#j ' *^Ti±i**a3l#*^-BLil • 4£i&*,4b#; 
€ 4b m##&££>^£4^ & (atactic 
. polystyrene; aPS) > <MP ^ ^ /& # & # * * # #7 iL ft 

«*i§*+48*te4LA. • & 4 - & # £ ^ (amphordus) 

wlMt k&jMr &® > a & «^ * & *fr aa t & * & 

ffl^i^ff . fl&X fit # J. A-L 0 

3 - 3"© ' 1955 6fj $ » * G. Natta & ffl flf 
1ft Ziegler-Natta J5f&#& ft ft # <f£ & & 2, *$(isotactic 
polystyrene; iPS) • |5] # •& » & 6 & - ft » & £ a B a # * 
» *#^a t « #*£&(240°C) • 

& • si it # it <f& r-i *r a # * ' # n-j i=j 

;)$(syndiotactic polystyrene; sPS)# g'J & flfc » 
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4 ^ € — $r (metallocene) & & ^ 4fe a ;£ » _ $ 

ft IF ' #4fc*fc**Z.;tf^£tf • ±#ttftB-ti§4* 
yilMb^^HlSft,^ (Methyl Aluminoxane; MAO) tfj & (SJ 
«i^ftttt«?Llf ' *o £ Ifc #H #'J EP210,615 

T#4Mb$^«±j&#4fc 
WO8810275 4L&^t ' 

£ *h ' ftffi«ft&J|»4b*4feAJ8|l%(MAO)ti£- 
W4M «$t^^t^$^6J*'^*S*tJ US 4,774,301 
& US 4,808,680 t * # .& # • $ ft 48 # J^ft.ffl i§ ft 
ft4b£>4fr*.$^-5l,!& » ftffl j&ft&4-£Mb^4fri«#4L 

-Lil^J^^ae.^ is* (Group IV)i&.ft&JHb 

^ ^3 HIS a & (MAO)4l % ^ftffi#&$£4b«&ttfcJ& ' 
ft#>£&#£ftffl 4b$& » ft 
IS H # & a j& # *fc >^ 4b « $ • ft IS & fp * 44 # 

Jil^W^i&^ra PM& MAO ttftfli* (#££■*■&. MAO 
ttftflf )-Jl;I. Metallocene m & W % # t # • £ it 
^ ® «j flf «■ *» ' ftffl 3*/fc-;Mj^i:lfc&*MCpTiR 3 )& 
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& T %L & 18 (Triisobutyl Aluminum) & #] # Bl M & # 

M-M'J EP505890 At^|ifi WO930367 t ?f = 

£ & # l£ t ' &£tfL ' £ ^- (titanocenes) 

_t J$ j£ # *B tmfl-»-fc«t»H*jH EP210,615 t«L*l 

- 4fc # ~ *fr & Si-fi^-^^^r/i ' $ft&^:£ 
4LflT4&- ' A'J4*b*ft&j|flJg4L'9!fftibtt • @ lib ' 

v n B^.x^H«»A««'fbJfe*#t#4flL«. • 

(a) 0.1-10 gJf #^&*t^4& • ^Tffl T^,^-7f:^ : 
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(b) 0.1-10 g^f#4L# * # > &#ttJft/fc — 
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*h 4b i& & 4 20-10000 gJff^ 

' 0.1-20 &JF#4L&K4fc8M 100- 

10000 ^^#4^ =. #t & is # ^ 0 -LiC^^ ae.-fe.5g. ^ 
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(c) 50-1000 £Jf#4Lfe#lft ' 0.5-4 #Jf# 

i*H' 100-1000 gJf#4L 



ft Hi A 0.5-2 H^-fS- - 
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TiR jR 2R 3R 4 
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ft* * JK& • 
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i * ( 9 ) 

& %8L ' 0.1-20 iS£& 100- 

10000 &^#4L^*fe&ft#ft^4&«JLiit4L&fc4fr*&.& j 

- [ 

Si 0 (N,N-diMethyl Anilinium tetrakis(pentafluorophenyl)borate) j£ - | 
2-^*^l^J*(3L-|L*&)flliattt(Triphenyl Carbemium |/| 
tetrakis(pentafluorophenyl)borate) » — ^, IS, # (5. ^ ^. ^. ) ^ 
St. H (ferrocenium tetrakis(pentafluorophenyl)borate) » $ I 

^ttS^jt^^ 0 ° 0 (^t^^^&)' TiR',R' 2 R' 3 R' 4 
4 TiR',R' 2 R' 3 > *T#k#*#*&*frjft*te£**'z* 

*ptg& TiR',R' 2 R'3R' 4 H TiR^R^R'a 1 , T 
ft «3 & (— ft & )*p & ^ 3|L ^ - n S& 44 ft • « *» 3* A — 

g & ' ^Si#lHIP#t^tli • *fij*#9i#3-'tt 

^>Aatffi7#ii^^'EI *t4*#>fl t T - « at ft. 
ttflttfe^4fcuftttftiTfe&&£&*iik • & ^ # ;$ >g- 
•l± > * JaATPf-te;*,**** • 

% 1 ® ^^^Sim^T^# B fl^^t«fe^J^t^^ 
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i^WJ ( 10 ) 

50°C#J %L&BL1& % t *&>^tt £ A.« 

£ . ^ 110ml 4L¥£&3&ti#lS&&;fo^,5LJ£il t ' 
«j • TiR',R' 2 R' 3 R' 4 o #JLifcSt^4fe*# 5 fr'4tft*i;^# 

&BlJHH& • ;yo & & ~ ¥ l£(isophthalic acid; IPA)J» & 
>t*fjt ' fl&Sfc*^*i&#te&**Z.:J*(sPS)'- n-mftft 
fflf 6i (MEK)£ #i a * |fe # B B a 3! # * & • rfij * 
W«P.^H^ MIP(MEK-insoluble portion) > & jg| tf sPS A 
aPS ^ ft #} tb • 

?'J 1 



450ml f 8: -ife 4$ Jfe (Fisher-porter bottle) t it ft • 3tBLJ& 
n 100ml 4L? » 70°C » $ft;fa 

^ IS <L & (MAO ' 6.6mmole Al) fit ft. jja 0.75ml # 
ClTi(O-iPr) 3 (1.6xl0- 2 M £ f & t )& 0.75ml #BJf &3fc 
^^^^.^T^^(1.6xlO- 2 M^f * + ) • *ft*iA 20ml 

#A^M^It(80 o C)ffi,^# 11.35g 4l sPS &^#/($H$>£ 
<J±=2.0xl0 4 g sPS/g Tihr) » it sPS %L&fy)®. NMR ^ *r ' 
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&*mw( u ) 

£*MA'&i%4. 98% • %ft&J®Lii& aPS/sPS tb # » 

1 'ft ffl f 6 S3 it # £ 2'J # £ (Soxhlet extraction)# f>] 
»tb sPS ^^^t^^j^^T 6^4Ltb^^ 
92%(MIP=92%) o 

A-^&JLf Steffi •-tAWf tff«t«|«li^ 
*K k't* 6.6mmole 4^^S^^(JJ< Al #^f: 0.75ml 
4^ ClTi(OiPr) 3 (1.6xl0- 2 M £ f & t ) • ♦ 

fa^¥m>tm - gat - &$t#f] o.42g ^ s ps » 

ffimft'tiL& 8.5xl0 2 g sPS/g Ti-hr ° 



100ml f **fA-->IJJ..*tl&*#Mt4i 450ml 
• Jfr&m J&&;fa&fj 70°C ' £M£;&o^S& 
*&(MAO > 6.6mmole Al) fit & ^ 0.75ml 60 ClTi(0- 
iPr) 3 (1.6xlO- 2 M f *t)& 0.75ml # e? f 1.3^ A — 
J=.itT:£.^(1.6xl0- 2 M * t) ' ftti»A 20ml. & 

» ifo#^^f^a^fjL^il^3t# ' #r 6 £ sPS 

*Sfc&i&£^fc&&j8:l!*Jfe(80TC) » 3.42g ^ sPS * 

' $$?5-<J±=6.0xl0 3 g sPS/g Ti-hr • 
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A *&Wim ( 12 ) 

n 3 . 



m 100ml f 450ml j 

f S4#I • tt&lfc&&*rft$| 70°C » Jj^A 1.21ml I 

- r 

TIBA (4.8x1 0 3 mole)|^ 0.01 2g 4L N.N-jl f ^^«#(JL J -' j 

IL £ & St S (N,N-dimethyl anilinium tetrakis(penta- # -'[ 



fluorophenyl) borate; 1 .4x 10' 5 mole) > flq^iw/v 0.75ml 
E3 ^^&^(Ti(OEt) 4 • 1.6xl0- 2 M £ ¥ £ + 0.75ml ^ 
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E9 ? f &#(1.6xlO' 2 M £ ¥ & t ) ' J 

20ml ^^^.^^ 70 o CTit#^^>S.>i ' ->fS * 
+ v$&fr>^¥ mu&jtBLM > & sPS 

i$&##'&&£&&(80°C)'&# 7.24g4L sPS &^4fr ' | 

«^^j± = 1.3xl0 4 g sPS/g Ti-hr • j 

IT 
I 

iM 4 i 

J» 100ml & 6 ^ t £ J 

450ml f ' #W£;fa^3S &;&(MAO > & 12mmole J 



I 



Al) • $&M%Ltoj&§>} 70°C& » 2.4x1 0- 5 mole ft 

ClTi(0-iPr) 3 A 2.4xl0- 5 mole # m f4H4-^I^Ti 
# ' « Rfl ifeifefi- %l&BLJ& » 70°CTit^t 20 .' 

sPSffi*fc&i&&^#&$fc«:»*#(80 , t)' 23.34g^ sPS " J 

^^#;(mp=269°C) ' $ & >£ 'It =6.1x1 0 4 g sPS/g Ti-hr • 

i 
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A7 

B7 

P ) 

m 50ml * A - ft & ft « $ |t £ 450ml 

' &&*iA.*gJR,fc(MAO > ^ 12mmoleAl)° 
il&II*-!^ 70 e C & • # do A 2.4xl0- 5 mole ft 
ClTi(0-iPr) 3 & 2.4xl0- 5 mole 6d=.f^.^^,^tp 
(trimethyl silyl indene) « it 4t * & A » 70'CT 
ifeff 20 frM > jRiMili ft f $ a A- A 4L it*T .» 
^fv*«4i^^ sPS ^&Mi&^ ^i$&$MM|£(80 o C) ' 
3£# 8.4g ^ sPS ^^^(mp=268°C ' *f 4£ -f± >95%) » ft 
=2. 2xl0 4 g sPS/g Tihr • 



it 



^ - . 

J- 



i 



| i 

! * 

3T 



t 



it 

I 



m 500ml *&:*;&»^--0r*ftt 1 & 

# t ^^^AlS^^CMAO-^ 12mmole Al) • 

^^Ajfe^o^f'j 70°C& ' 2.4xl0- 5 mole i^^f ^ 

t # ClTi(0-iPr) 3 Bl 2.4x1 O^mole ^if^Jf^.^-^^^ 
f it 4r£ ' 70°CTite 1 'M$ ' $ 

Ai®f:# f Sla^f jL^A^ite » #T$fc$fc^& & sPS 
«*fc»s$at • 92. 6g ^ sPS 

(mp=270°C) ' ffi & ^'(±=8.1xl0 4 g sPS/g Tihr • 

gjfeii! 7 

m 500ml ^L^*»A-m^^ 1 & 

itf- t S-&4H&'&&;faA&#i&(MAO'^ 12mmoleAl) . 
j&^^f'J 50°C& ' #^o A 2.4xl0- 5 mole f £ 
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A7 

. B7_ 

>M« ( 14 ) 

t #} ClTi(0-iPr) 3 A 2.4x1 0- 5 mole tfj £ # — =. f £ # 

^tw f si «#.jL£.j|:cifc# > m>t^^^ & sps m$i 

°C) ' $$&'&=8.9xl0 3 g sPS/g Ti-hr - 3 -'[ 

1 " 1 

.» 500ml ^Z>^*»A-i*f ftJ^#tSi 1 ^ | 
'$&*i>^#B II &(MAO»-£> 12mmoleAl) o I 
J» 60°C& ' 2.4x1 0 5 mole f & 

+ # ClTi(0-iPr) 3 A 2.4xl0- 5 mole &dZf I^^I?fi 
(trimethyl silyl indene) iX ifc ^ * ^ Bl M ' BLM& 60°C T 

flr i& *t 4L 6 & sPS & ,41 i& ft 0 A $ M ft & ' € # 
18.6g^ sPS ^^^(mp=270°C) > = 1.6x1 0 4 g sPS/g 

Ti-hr ° 

#3fcfo] 9 

jHF 500ml $&:Hfr;&aA--<IB*#4i$&«#lt4*. 1 
ft f «(t*rA<8|,ft(MAO»t 12mmole Al) • 

#-S.^*t*»^$'J 60°C& • #ioA 2.4x1 0- 5 mole f % 

t# Clti(0-iPr) 3 A 2.4xl0" 5 mole j&^ffc + ttw f &3t 
^.^.^^.^.f^.^ (tetramethylcyclopentadienyl trimethyl 
tin) Wi£ » 60 e CTit^rr 30 g-ft > 
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A7 

B7 

£. *&WijLW ( 15 ) 

m f mu&jt&Mi-'&ft ' m strata & sps 

' 3t# 6.6g 4l sPS 
(mp=270°C) • ^$-#te=l.lxl0 4 g sPS/g Tihr - 

tlfoW 10 

Jlf 500ml *&Zsnfo^-i®&®i 1 ^ 

fl- t S-^t##S,' ^>^^^IS^^(MAO'^ 12mmole Al) ° 
$F&it&,^&$'J 60°C& ' #*>A 2.4xl0" 5 mole &;frf & 
t # ClTi(0-iPr) 3 A 2.4x 1 0' 5 mole &;fcf£t#=-?&lp 
l.^(trimethyl indenyl tin) « it # & & M ' 60°C 
Tifee 30^H>^^^^i§t^fg|W^jt^^4Lit 
4t ' #H£j&^£ & sPS H#4Mi§ it ^^A^vt Mlt • 3t 
# 2.9g ^ sPS &^#?(mp=270°C) ' J$ & ft 4± =5.0x1 0 3 g 
sPS/g Ti-hr • 

^*fcfoj 11 

m 500ml ^6^* I A-i@*it^t#f It 1 ^ 
ft f ^^.^^ISft^;(MAO' ^ 12mmole Al) • 

mSLMfato&M 70°C& ' 2.9x1 0- 5 mole ft N,N-~ 

((PhNMe 2 H) + [B(C 6 H 5 ) 4 ]-) » 
it & # *o A 2.4xl0- 5 mole f |l t «B 

(Ti(OEt) 4 )«A 2.4xl0- 5 mole # i f # f & 

AiSf # f jL&>&4Ls&e ' flHftiKt4L6 & sPS *S 
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A7 

B7 

I'tWI ( 16 ) 

&&&& », 31. 7g 4l sPS 

(mp=270°C) ' ffi m&'\± =2.8x1 0 4 g sPS/g Ti-hr o 

tlii 12 



W 500ml t^Z^n fo^'-n %L%3L 1 

12mmole Al) ° ^ & & m & f-J 60°C& ' *i /v 2.9x1 O'mole 

2.4xJ£ 5 m.Qie »^ f tt^ra^^ « & 2.4x10' 

5 mole WW f *4tA^-#4t^f *^«itfi-*^5LA • 
60°CT3Mf 30 frM > J»&jfaAifi4#JPB|ja*f 

jhiiA4Litfr • /^ifc»dL6 & sPsjoiaL«i&afc 

M^^. ' 8.2g sPS £^#>(mp=270°C) » *&i£*t. 

= 1.4xl0 4 g sPS/g Ti hr • 

3fc$*#«!>i «fe « It *» JL • 

m % «. & @ * 48. & m 1 * # *i ft a m # & % & * • 
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C8 
D8 



/> % 



7s * t#**JftH 

(a) 0.1-10 £4^tt(IV)&tt(III)**<£4& ' 

3f ^-^SMi^. • it^TfflT^*5F^ : TiR',R' 2 R' 3 R' 4 & 
TiR',R' 2 R 3 » * t R', ' R'j ' R' 3 • A R' 4 I « A ' T 4 

(b) o.i-io * m - 

R 5 . X(R) 3 
Rt-^X^-Rj 

M 

R 3 / R 2 
R 5 ^T^* - 

^.^^ A. ^ - & 4 * >f ; r, a R 2 ^i^iL . & 

» % % - > * m$L& - ' i 

- R,* R 2 £.|5]>ft,*-3Uf ; R 3 A R 4 3-iM§ 

Sl ■ *T > A 

^ - > R 3 H R 4 : R *T 

* - - &4#£^ ; «A x-sr^ IVA 

(c) f£4bs&$L<kA Z-tiffim • & t jfc*/£4ti&>&&;| 
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